(19) JP 2005-507542 A 2005,3.17 



wo 02A)69429 PCT/1IS02/04006 




(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



REVISED VERSION 



(19) World Intellectual Property Organization 

International Bureau 

(43) International Publication Date 
6 September 2002 (06.09.2002) 




PCT 



llllllllillllllllllllllllllli 

(10) International Publication Number 

wo 02/069429 Al 



(51) Internatioaal Patent Classification'^: HOIM 8/04, 8/18 

(21) International Application Number: PCT/US02/04006 

(22) International Filing Date: 1 1 February 2002 (1 1 .02.2002) 

(25) Filing Language: English 

(26) Publication Language: English 

(30) Priority Data: 

09/793,175 26 February 2001 (26.02.2001) US 

(71) Applicant: INTERNATIONAL FUEL CELLS, LLC 
[US/US]; 195 Governor's Highway. South Windsor, CT 
06074 (US). 



(72) Inventor: REISER, Carl, A.; 25 Orchard Street, Stoning- 
ton, CT 06378 (US). 

(74) Agent: CRENSHAW, Henry, X, Jr.; Intellectual Property 
Attorney, UTC Fuel Cells, LLC, 195 Governor's Highway, 
MS 601-03, South Windsor. CT 06074 (US). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 

AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, FT, GB, GD, GE, GH, 
GM, HR, HU, TO, H., IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LIJ, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SD, SE, SG, 
SI, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, UZ, VN, 
YU. ZA, ZM, ZW. 

[Continued on next page] 



(54) Title: HIGH FUEL UTILIZATION IN A FUEL CELL 




(57) Abstract: A PEM fuel cell (12) operating 
on substantially pure hydrogen (32) and air (26) 
has an exhaust flow control valve (37) at the 
exit of the anode fuel reactant flow field, said 
valve being normally closed during steady state 
low or medium power operation, so that the 
concentration of nitrogen in the fuel reactant flow 
fields, by diffusion across the membrane from the 
cathode, will approach the average concentration 
of nitrogen in the oxidant, thereby limiting the 
concentration of hydrogen to a corresponding 
low complementary amount, which reduces the 
diffusion of hydrogen across the membrane for 
consumption at the cathode, thereby increasing 
the efficiency of operation of the fuel cell. A 
current sensor (40) allows a controller (46) to 
open an exhaust flow control valve (37), thereby 
drawing much higher amounts of hydrogen into 
the fuel reactant flow field of the anode to support 
generation of power at high current densities 
without hydrogen starvation. 
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(S7) Abstract; A HUM fiicl cell (12) otmlins 
xuhstuntmlly pure hydmgrn (32) and uir (26) 
has an exhaust flow ctmiro) v*\ve (.T7> ul thti 
cul uf the aowlc fuel icadau Bww Ocid, said 
vatve bdns oomuiUy dosod duiing iteady date 
low or nwdhim power opentlOD, to ttiit the 
concentralitin of nitrogen in the riasi nsactani flow 
Relils. by difTuKJim »cn>it* ihe meinhnme Tnim the 
uilhoJc. will iippniach ihc average ciinccnlnitiiin 
of nitrogen in tbc oxiduti, thereby tlmlting the 
eoiKcntnuion of hydroBco to a conctpondins 
low Gom|4sinentaiT acncwnL winch icduces Iho 
dilTiKitat of hyilmfsn aetuas the meinlmme (or 
amminipiion m fhc cnlhudc. Ihochy imsisaiinB 
the efficiency of opcratioa of the faci all. A 
conont tensor <40) allows a coniroUcr (40 to 
itpen an exluiisl fhiw ccinttol val^'n (37), Ihenshy 
drawing mueli hiyher umounb oT hydrugen inht 
(he fuel reamani llitw liclrt ul the HiKide lo Mipptn 
eeneratkiB ot power at Ugh eotnuit dcnliles 
wlilMHn hydtogun stuvaiiaiL 



(8) 



JP 2005-507542 A 2005. 3. 17 



wo 02/069429 Ai llJliDlBIIIlllBBllllllillHBilllliHIHIinilliin 



(BI-; BJ, CI-. CO, Cl, CM, UA. ON. OQ, UW, ML. MR. /bf two4eucr coda and eiker abbrvi-ioilota. ivfiif to due 'Quid- 
NIs. SN. TIJ, "IXl). mtem Naien an CiidgSOiitf4hbrwviatitmM'inip€ariaganhgbtgin- 

mtig ffaaek reptUo' asue ^ the PCT Gatettc 



— \nth mumattoHat teavh report 



(9) 



JP 2005-507542 A 2005. 3. 17 



WO 02/IK9429 



PCT/US02M40M 



HIGH FUEL UrrLIZATION IN A FUEL CELL 



Technj^l Vit}^ 
This inveaticm relates to causing a faydrogco/air fuel cell to utilize 
Bubstantially all of the fiiel reactant in the electrical prodaciion process through 
5 mitigiBtton of dif!usion of the fuel to tiie cadiode side as a resalt of low fuel 
eoncentntion on llie anode side. 



10 uidwitfaair as Ac oxidant 0Ut, for use in vehicles. Since alt the ftxel must be earned 
on board die vehicle, and since accessories that may enhance Ibel oell perfomuinoe 
nmstttonedwless be powered, ctectricaQy, by die fiiel cell, fhus reducing (he ovenll 
power plant efiicira<7, die question of fiiel cell effloiency becomes pannnoimt. It is 
Imown that fbel cell p e iC o ii nsnce suffers slgnificandy whenever fiiel gas is not 

IS provided appropriatBly to the entire surftce of the electrolyte. Thezefim, itbasbeena 
common practice in die prior art to provide excess fliel to the fuel reactant flow fields 
in ovder to assure odecpiale fiiel at ttte anode. However, the higher concentration of 
hydrogen, whidi ^toally may be over 90% at die inlet to the anode fuel Oow field, 
drives tbe diffiisioB of the Aiel Ihrougfa the niembnme where it will react at the 

20 cathode with oxygen, thus tedudng the efficiency of tbe electric power generation 
process. Aldiou^ PEM iliel cells are attractive fbr powering vehicles, tbe proton 
exchange membrane may be as Uiin as IS miraons. Since the diSision rate is 
inversely proportion&l to die thickness of the PEM, they su£^ fiom relatively high 
diffusion of hydrogen through Ox membrane to the cathode. Hydrogen is also 

as coasnmed at the anode by teaction with oxygen which diShses throu^ die membiano 
fixmifhecadiode. 

Disclosure of the Invention 
Objects of the tnvection include improving fuel consumption in a fiiel cell to 
30 nearly ] 00%, and a i^cl cell power plant which has die highest possible overall 

eflScieocy, taking into account the efficiency of the electric generation process itself 



BackgroniidArt 

Conaideredon is bdng given to utilization of fiiel cells, particularly proton 
p mcrabiBiie (PEM) fuel cells operating with hydrogen-rich fltel reactant gas 
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and ihe parasitic loads, such ss btowen and pumps and Ihe like, which must bo 
powered by tho fadL cell. 

The invention is predicated in part on the realization that, m Uie case of pare 
bydiDgea taeH, for instance, if (here is oo exhaust (no veiU), little di£5uion of the 

5 tiydrogen acn>ss the membrane to the cathode, and Uttlcdifiiudon of 0}q^geD to the 
anode^ the hydrogen utilization will. ttieorelicaUy. approach 1 00%. The invention is 
fluther predicated on fte fiict that the mode of hydrogen flow management fbr 
medimn and low power, steady state operation may be difierent ftam the mode of 
hydrogen flow management when the fiiel calls ai« ddiva-mg high or peak cmrents. 

10 According to dM present invention, a fuel cell operating on substantially pure 

hydrogen and air has its anode flow field unventod. whereby die concentration of 
diffiised nitrogen in die anode flow fidds will stabilize at about die average 
coDcentrstion of nitrogen in tiie cattiode oxidant (about 83%). thereby ledodng the 
coocoitratian of hydrogeo to a sufficiently low level (about 15%-20%) that there is 

IS significant reducdcm in the difnision of Che hydrogen throtigh the proton exchange 
membrane to the caithodeL With no hydrogen eoihaust mA with reduced diSbsion 
across the PEM. the u^Iization of hydrogen approaches 98% or greater fbr current 
densities exceeding some moderate tiireshold, such as 0.4 amps/cm'. 



20 and when operating at high or peak power, additional hydrogen may be provided to 
the anode flow field by virtue of venting Ihe anode flow field rather to ambient or to 
fuel effluent processing oppaiatus. At the increased reaction rate Vbm generating 
high power, the proportional loss of faydrogen is less. Thus, when operating below 
high power levels, which is most of fhe time in a vehicle, a ftiel cell having an 

25 unvcnted fuel rcactant flow field will have a sufficiently high ulilizalion of hydrogen, 
about 96% to 9S%, to ofbet and exceed any loss of electrochemieal cfBciency which 
may result fit>m the reduction in hydrogen partial pressure in the fUel flow field. 

Brief Description of the Drawings 
Fig, I is a schematic illmtration of a PEM fiiel cell incorporating present 
30 invention. 

Fig. 2 is a chart of avenge cell voltage and overall hydrogen utilization as a 
fiuiction of moderate cunmt densities with an unvcnted fhel flow field. 



According further to the invention, the load of the fuel cells is monitored. 
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Fig. 3 ui a plot of mole-fraction cf hydrogen and voltage over time. 

Modefst fnr Carrying Pot the Invention 
Rfifecring to Fig. 1. & fliel ceU power plant 1 0 includes a cell stack assembly 
12 which comprises a plurality of individual fuel cells stacked ttge&er incontigucHU 

5 relationship* altbough only & single cell is illuBtrated in Hg. 1 . A fbel celt includes on 
anode electrode 14, a cathode electrode 16, and a polyinor electrolyte membrane 18 
disposed between the electrodes. Each electrode consists of a catalyst, a porous 
siqiport plate and a reactanl flow field as is wall known. A water transpoit plate 19 
(or coolant plate), adjacent to the calbodo 16. is connected to a coidant oontrol loop 

10 inchidmgacoolampunip20, a eoolant pressure valve 21, and a heat «uhanger 32. 
There may be a heat exchange bypass and other water management apparatus, not 
shown, that are known in the art, for example, as disclosed in U.S. Patent No, 
5.303,944. The pump 20 and valve 2 1 will regulate bofli the pressure and the vohmw 
of flow throuj^ ibs water transport plate 19 and tfajough. or around, the heat 

15 exchanger 22. Air is supplied by a blower 26 to a cathode oxidant flow field inlet 
manifold 27. tiw depleted air raciting tfie flow field duough an exit manifold 28 to 
exhaust 29. Ftiel from a pressurized source 32 ofhydrogcn, or hydrogen rich gas, 
passes tbiDU^ a fuel pressure regulator 34, a fiiel inlet nianifbld 35, tiiefoel flow 
field of the anode 14, and a ibel exitmaniffald 36 to a flow control valve 37, The 

30 valve 37, when open, vents die fiiel flow field to ambient 39 (or any exhaust processor 
which may be use^. The &d flow field effluent passes tbrough a recycle loop 
including a blower 41 . The fiiel recycle blower ^ically has a flow rate that is much 
greater ttian the fuel mlet flow rate in order to maintab a relatively unifonn hydrogen 
coo^ositiQn across the anode flow field. 

25 In the cathode oxidant fiow field, some oxygen in the air is consumed by tiie 

process and a small amount of oxygen diffiises tbrough the membrane to the anode. 
The oxygen concentratiaa at (be oxidant flow field Inlet is about 2 1% and may 
typically be about 10% at the oxidant flow field oirtlet. The average concentration of 
nitrDgen bom inlet to outlet of the oxidant flow field is thus about 85%. The nitrogen 

30 diSiscB through the membrane to the anode; if allowed to stabilize, the nitrogen 

concentration at the anode will be essentially the same as at the cathode, about S0% • 
95%. Jn accordance with the ioventian, the fuel cell is noimally operated with the 
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exhaust flow valve 37 closed. This results in nhrogea concentralioii in the recycle 
loop increasing until the partial pressure of nitrogen is nearly fiie same on both the 
anode and cathode sides of the membnuie, which is tlie average concentiBtion of 
nitxosen in the oxidant flow £eld, about 80% to 95% as previously described. This 
5 limits the l^drogen concentntian in the anode flow fields to about 1 5% to 20%, 
whidi rignifieantly reduces the rate of diffusion froin the anode 14 across the 
membrane 18 to the cattiode 16. 

A twenty cell PBM fuel cell stack containing a 1 5 micron diick PEM and an 
active cell area of 0.4 square feet was tested at approxhnately SODC. Hie reactanta 

10 were pure hydrogen and air at nanmully ambient pressure. Fig. 2 shows the cucrenl 
denshy versus average cell voltage when this stack was tested with no fliel vent and 
with an air utilization of 60K. Fig. 2 illustrates overall hydrogen uttlizadon with a 
dead-eaded flow field reachiag 98% fbr moderate loads; the mole-fraction of 
hydrogen stabUizes in the nnd-twenlies (percenQ. 

15 Fig. 3 shows the voRa^ and hydrogen conoeotFadon within the anode flow 

field as a fimction of time, at a fixed cunent deosi^ of 0- 1 amps per square 
oentimeter. This data ^uiws duit the hydrogen concentmtion decreases fiom an initial 
value of about 93% to about 27% over a period of 120 minutes with mmimal cfEect on 
cell voltage. The rate of change in the hydrogen concentration versus time was much 

20 slower in ibo test than would be observed in a fiiel cell power plant due to the 
extnneous volumes present m the test stand relative to a power plant 

In some fliel cells, when opersting at high power, the hydrogen available to 
the anode catalyst may be insuSBdent to sopply the desired load. In accordanice 
iuithu' with the invention, a cunent sensor 40 stnises the current m the power lines 42 

35 feeding the load 43 of the fiiel cell power plant. The sensor 40 provides a signal 
indicative of the load current to a controller 46 vAdch will open (he exhaust flow 
valve 37 when flie current reaches a certain magnitude, which may be on the order of 
50% to 80% of maximum rated cunent, and may more t>pically be at about 6S% of 
maximum rated current This will cause substantial nitrogea and some residual 

3 0 hydrogen to flow fmm flw anode flow flelds to aniUeDt 39. Although not shown in 
the figure fax clarity, the controller 46 may also adjust die seUing of the hydrogen 
pressure control valve 34, if desired, to ensure a proper flow of hydrogen to the flow 
flelds of fhe anode 14 at various current levels. 
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The oGoiboUer 40 may also oontnl (he hydmgca exhaust flow valve 37 so as 
to simply pvrgp trace camnmiaants pcriodicaUy» such bb at the start of a start up <»- 
shot down, or othermse. as is conveatioiul. 

To maxnnizB die advantage of the present inventian, the fuel cell may also 
s be qienited at Ittgh oxygen ixtiUzadQn,1herdyy keeping die iHcs 

oafhode side of the meinbnme low, and reducing die oroasover of oxygoo to the anode 
difibaon. This reduces eonsomption of hydrogen due to crossover. 
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1. A method of operating a fuel cell (12) bavins an anode (14) with an unvented 
Aiel reactant flow field (3S, 14, 36), a catliode (16) having an oxidant flow field (27, 16, 
28), a proton exchange niembnuiB (18) between said anode and said cathode, a source 
of hydrogen (32) for providing fiiel to said fuel rcactiint Dow field, a fuel recycle loop 

5 inchiding said fuel reactant ilow field and a pump (4 1) for transferring cilluaU of said 
fuel reactant flow field to (he inlet (35) of said fiiel reactant flow field, and means (26) 
for providing air to said oxidant flow field, which method comprises: 

operating said means to provide air (26) to said oxidant flow £eld; 
delivering hydrogen fix>m said source (32) to said fuel reactant flow field with 
10 said recycle loop unvented; and 

openting said pump (41); 

die concentration of nitrogen in said fuel reactant flow field, by diffusion 
across said membrane, reaching the average concentxation of nitrogen in &e oxidant 
flow field, fhereby ibrcing the percent moI&-fiaction of hydrogen concentration in Qie 
15 anode flow field to be a corresponding, low complementary amount 

2. A method according to claim 1 further comprising: 

providing said fuel reactant flow field (35, 14, 36) with an exhaust valve (37); 
measuring (40) the current load (43) of said fiici cell; and 
opening (46) said exhaust flow control valve when the current load exceeds a 
5 predetermined diresbold. 

3. A method according to claim 2 wherein: 

said predetermined threshold is between 50% and 80% of the anudmum 
current rating of the fuel cell. 

4. A method according to claim 2 wherein: 

said predetermined threshold is about 65% of the maxirmim current rating of 
the fuel cell. 
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5. • A method accordins (o claim 1 ftnlhcr comprising: 

operating said fact cell with hydrogen utilization in excess of a threshold 
magnitude of about S>6%. 

6. A method according to claim 1 further comprising; 

operoting said fuel cell with oxygen utilization in excess of a threshold 
magnitude of about 70%. 

7. A mediod according to claim 1 vdieidn: 

file pexcent mole-fraeti<m of bydrogeu concentration in the anode flow field is 
on the order of 1 S%-20%. 

8. A fuel ceU powor plant ( 10) conqirising: 

a fiiel cell (12) including an anode (14) having a fbet reactant flow field (35, 
1 4, 36), a fuel recycle loop including said fuel reactant flow field and a pyimp (41) for 
transferring efQuent (36) of said fiiel reactant flow iield to the inlet (35) of said fuel 
s reactant flow field, a cathode (1 6) having an oxidant flow field (27, 1 6, 28), and a 
proton exchange membrane (18) disposed between said anode and said cathode; 

means (26) providing air to said oxidant flow field; and 

means (32) for jKoviding a flow of hydrogen to said fUel reactant flow field; 

wherein the in^provcment comprises: 
10 said fuel reactant flow field being unvented whereby the concentration of 

nitrogen in said fuel reactant flow field, as a consequence of diffusion fbom die oxidant 
reactant flow field, stabilizes at about the average concentration of nitrogen m Che 
oxidant flow field, therdiy limiting the concentration of hydrogen to a corresponding, 
low complementary amount. 
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9. 



A power plant acoonliiig to claim 8 wherein: 

said fiiel reaotant flow fidd has an eschaust flow control valve (37); 



end fiutfaer coxnprislng: 

an electrical load (43) ibr said fuel cell; 

means for sensing (40) the load cuirent provided to said dectzical load and 
providitig a cinrent signal indicative tbereoig and 

a controUcr (46) responsive to said current signal for opening said exhaust 
flow control valve in response to indications of cuirent in excess of a predetermined 
fraction of the maximum cunent load rating of said fliel cell. 

la A power plant according to claim 9 wherein sud predetemuned faction is 



between S0% and 80%. 

11. A poorer plant according to claim 1 0 wherein said predetermined fraction is 
about 65%. 
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